ABSTRACT
INTRODUCTION
KEPCO has studied the polypropylene-insulated cable since 2013. We performed thermal, physical and electrical test. The compatibility tests with conventional joints and terminations in emergency condition have been performed. However, it was necessary to verify the lifetime of the PP insulated cable. The verification of the design life is to measure a tolerance of water tree that means degradation of cables in the working condition as ACLT (Accelerated Cable Life Test) and AWTT (Accelerated Water Treeing Test). We needed a method that can shorten the test time in the accelerated life test because AWTT takes time of one year. A Long duration test of CENELEC HD 620/605 is applied 500 Hz frequency acceleration. If a Long duration test is applied, the test period is possible to shorten from 1 year to 4 months, so it has a merit that manufacturers and power companies can save time and cost. This study conducted a 500 Hz, 3,000 hours test of a long duration test of PP insulated cable prototype along with AWTT and evaluated the status of degradation by measuring VLF tanδ each 500 hours. We have established a long-term reliability evaluation method for PP insulated cables through the test results.
TEST METHOD
Accelerated degradation test is essential for long-term reliability evaluation of a cable. Table 1 is a table  comparing 
PRE-CONDITIONING
The pre-conditioning performed prior to the accelerated deterioration test is intended to remove the volatile gases remaining in the cable insulation. We compared the method of testing in the air of IEEE 1407 and the method of testing in the water of long duration test. The tests are shown in Figure1 and Figure2, and the test results are shown in Table2. XLPE did not change the electrical performance compared to the initial performance in both methods, but the PP did not change in test of HD 620, whereas the IEEE 1407 results showed a significant increase in the electrical performance. It has been confirmed that pre-conditioning in water affects degradation of insulation as well as removal of volatile gas. So we decided the pre-conditioning of testing in the water. 
WATER TEMPERAUTURE IN TANK
The long duration test specifies that the water temperature is 40 ° C. This is because the constant conductor temperature of XLPE reflects 90 ° C and the PP insulated cable is raised to 110 ° C, so the water temperature must be set separately. A temperature profile test and computational fluid dynamics (CFD) analysis were performed to set the water temperature in tank. Figure 3 and Table 3 show the result of the temperature profile of applying the current to the actual conductor. Although the temperature of the conductor in the water is significantly different by 10 ℃ or more, the temperature difference between the surfaces of the semi-conductive layer contacting with water is relatively small. Figure 4 and Table 4 show the result of the computational fluid dynamics (CFD) analysis based on the temperature profile test. The analysis results also show that there is almost no difference in the temperature of the surface of the semi-conductive layer. Considering that the PP is slightly higher than the XLPE insulated cable at the same current, it is appropriate that the water temperature of 45 ℃ corresponding to the conductor temperature of 110℃ of the PP. 
Figure3

LONG DURATION TEST
The long duration test was performed based on the results of the pre-conditioning and water temperature tests. Figures 5 and 6 show the long duration test and sample installation configuration, respectively. Since it is difficult to judge the degree of degradation during the test, VLF tan δ was measured and recorded periodically in this test step. As shown in Figure 7 , the VLF tan δ values measured periodically showed that the XLPE insulated cable increased linearly with aging time, while the PP insulated cable showed a slight slope and less change after 2000 hours. This suggests that even if TR XLPE insulated cable has high resistance to water tree, the water tree characteristic of PP insulation cable is relatively good.
Figure5. Long duration test (500Hz)
Figure6. Sample installation configuration
Figure7. VLF tanδ at Uo(=13.2 kV) with aging time ELECTRICAL CHRACTERISTICS
After the test, the samples were cut by 15 m to perform AC breakdown voltage test, and the vicinity of the breakdown point was analyzed electrically and chemically. Table 5 shows the results of the ACBD test. Generally, the result of PP's ACBD is lower than XLPE. Table 6 and Figure 8 show the results of the Weibull distribution function, which compiles the data of the inner, middle, and outer sides of the PP and XLPE insulation. Although XLPE has better dielectric strength than PP, the PP has a 26% higher than the reference before aging and the XLPE has risen 18%, so PP has good degradation characteristics against external acceleration stress factors. 
Table5. Results of ACBD
CHEMICAL CHRACTERISTICS
The dielectric strength of PP was relatively lower than that of XLPE, but the oxidation induction time was much higher than that of XLPE. 
AWTT
The ACBD results after AWTT are shown in Table 8 . It can be seen that the breakdown voltage reduction rate PP after aging is low. 
Table8. Results of ACBD
ACCELERATION FACTOR
The data of tan δ are analyzed and the acceleration factor is calculated. The long-term reliability test provides objective data on the cable life that can be guaranteed. Figure 9 is a graph showing the cumulative probability distribution of VLF tanδ (1.5 Uo) data according to the operating period using Weibull as a box chart. In the case of accelerated aging of 4.4 months at 500 Hz, it shows 8.7 years in the case of a real life, and 6.3 years in case of accelerated aging at 60 [Hz] for 6 months. Table 9 shows the degradation period and coefficient for each accelerated aging condition estimated from extrapolation of experimental data to real data. In order to verify the design life of 10 years, it is shown that the 500 Hz frequency accelerated deterioration test accelerates about 4000 hours and takes 7000 hours with a 60 Hz AWTT.
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